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(54) [Title of the invention] 

Progressive multi- focal lens and spectacle lens 
(57) [Abstract] 
[Objective] 

Tb provide a progressive multi focal lens and a spectacle lens having reduced distortion 
and deformation of images caused by the change in magnification between the distant 
vision and near vision regions of a progressive multi focal lens. 

[Resolution means] 



The progressive refractive surface, provided on the object side surface in the prior art, is 
provided on the eye-point side surface. Therefore, the object side surface can be a 
spherical surface having a constant base curve. This can eliminate the change in 
magnification associated with the shape factor and thus reduce the difference in 
magnification between the distant vision and near vision regions and suppress the change 
in magnification in the progressive region. Hence, a progressive multi focal lens that 
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ensures comfortable vision with reduced undulation and deformation of images caused by 
the difference in riiagnification is provided. 

[Claims] 

[Claim 1] 

A progressive multi focal lens comprising distant vision and near vision regions having 
different refractive powers and a progressive region having progressively changed 
refractive powers in between, characterized by the fact that- 

the curvature of a progressive refraction surface forming the distant vision, near vision, 
and progressive regions is provided on the eyepoint side surface. 

[Claim 2] 

The progressive multi focal lens according to Claim 1 characterized by the fact that the 
object side surface is spherical. 

[Claim 3] 

The progressive multi focal lens according to Claim 1 characterized by the fact that the 
object side surface is aspherical and rotationally symmetric. 

[Claim 4] 

The progressive multi focal lens according to Claim 1 characterized by the fact that the 
object side surface is rotationally symmetric, a main meridian curve extends from the 
distant vision region to near vision region, and the average surface refractive power Dl of 
the eyepoint side surface near the main meridian curve in the distant vision region and 
the average surface refractive power D2 of the eyepoint side surface near the main 
meridian curve in the near vision region have the following relationship- 



0.5<(D1-D2)<3.5. 



(A) 



[ClaimS] • 

The progressive multi focal lens according to Claim 1 characterized by the fact that a main 
meridian curve extends from the distant vision region to near vision region and the 
curvature of the progressive refraction surface along the main meridian curve is smaller in 
the near vision region than in the distant vision region. 

[Claim 6] 

The progressive multi focal lens according to Claim 1 characterized by the fact that a main 
meridian curve extends from the distant vision region to near vision region and the 
curvatures of the progressive refraction surface forming the distant vision region decreases 
with the distance from the main meridian curve at least in a partial area thereof. 

[Claim 7] 

The progressive multi focal lens according to Claim 1 characterized by the fact that a main 
meridian curve extends from the distant vision region to near vision region and the 
curvature of the progressive refraction surface forming the near vision region increases 
with the distance from the main meridian curve at least in a partial area thereof. 

[Claim 8] 

The progressive multi focal lens according to Claim 1 characterized by the fact that a main 
meridian curve extends from the distant vision region to near vision region and the 
curvatures of the progressive refraction surface forming the main meridian curve are 
equal in two orthogonal directions at least in a partial area thereof. 

[Claim 9] 

A spectacle lens produced by processing the progressive multi focal lens according to Claim 
1 to form a round shape that fits in an eyeglass frame. 
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[Detailed explanation of the invention] 
[0001] 

[Scope of the invention] 

The present invention relates to a progressive multi focal lens for eyesight correction and a 
spectacle lens using it 

[0002] 

[Prior art technology and problems overcome by the invention] 

A progressive multi focal lens includes two vision region having different refractive powers 
and a vision region having progressively changed refractive power in between. Having no 
borders between the vision regions, a progressive multi focal lens is excellent in 
appearance and gives visions with different refractive powers in one lens. Therefore, it is 
widely used as spectacle lens having eyesight correction function for presbyopia. Fig.25 
shows a general structure of a prior art progressive multi focal lens widely used as 
spectacle lens. This progressive multi focal lens 1 has a distant vision region 11 for 
viewing distant objects at the upper area and a near vision region 12 having a different 
refractive power from the distant vision region 1 for viewing near objects at the lower area. 
The distant vision and near vision regions 11 and 12 are smoothly connected by a 
progressive region 13 having progressively changed refractive powers for viewing 
middle distant objects between far and near. 

[0003] 

The two surfaces of the single lens 1 used for eyeglasses, a refractive surface 2 on the 
eyepoint side and a refractive surface 3 on the side where an object to view is present, 
must carry all the performances required for spectacle lens, such as a peak refractive 
power that corresponds to the user's shortsightedness, a cylindrical refractive power for 
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astigmatic vision correction, an additional refractive power for presbyopia correction, and 
a prism refractive' power for oblique position correction. To do so, the prior art 
progressive multi focal lens 1 has a progressive refractive surface 5 presenting 
progressively changed refractive powers to form the distant vision region 11, near vision 
region 12, and progressive region 13 on the object side refractive surface 3 and, for 
example, a refractive surface for astigmatic vision correction, which is described later, on 
the eyepoint side refractive surface 2, as shown in Fig. 25. 

[0004] 

Fig.26 shows astigmatism obtained in the prior art progressive multi focal lens 1 and 
Fig.27 shows a rough distribution of z coordinates of the progressive refractive surface 5 
formed on the object side refractive surface 3 of the prior art progressive multi focal lens 1. 
Here, a plane on the refractive surface 3 is defined by xy coordinates and the z coordinate 
is defined as the direction orthogonal to the plane and coincided with the thickness 
direction of the lens. It is unnecessary to define the x y coordinates specifically; however, 
it is hereafter defined that the vertical direction is the y coordinate and the horizontal 
direction is the x coordinate when the spectacle lens is in use as a pair of glasses. 

[0005] 

The progressive refractive surface 5 is aspherical so as to have successively changed 
refractive powers. The surface has different curvatures in different regions. As is 
apparent from Fig.26, having the progressive refractive surface 5 introduced on the object 
side surlace 3, the progressive multi focal lens 1 has astigmatism because of differences in 
curvature between the x and y directions even if it is not for astigmatic vision correction 
and spherical on the eyepoint side surface 2. Fig.26 is an illustration of astigmatism in 
which the differences in astigmatism expressed in a unit of diopter (D) are contoured. 
[0006] An eyeglasses' user without astigmatic vision can obtain clear vision nearly 
unaware of blurrness of images when the lens has astigmatism less than 1.0 diopter, 
desirably less than 0.5 diopter. Thus, a clear vision region 21 where astigmatism is less 
than 1.0 diopter, desirably less than 0.5 diopter, is provided along a main meridian curve 
(umbilical meridian curve) 14 extending from the distant vision region to near vision 
region and being slightly curved toward the nose side with consideration of convergence of 
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the eye. In particular, no difference in curvature between the x and y directions is 
attempted on the main meridian curve 14 in order to prevent astigmatism. This results 
in creating an aspherical surface from the main meridian curve 14 to the periphery of the 
lens 1 with increasing astigmatism. Large differences in astigmatism cause the image to 
undulate, making the user uncomfortable when he/she moves his/her line of sight. Thus, 
the distant vision region 11 where the line of sight is widely moved is designed to have 
smaller differences in astigmatism. The progressive refractive surface 5 is designed to 
have no significant differences in astigmatism also in other regions. Then, the lens 1 is 
processed to form a round shape that fits in an eyeglass frame for a user. 



[0007] 

The lens 1 shown in Figs. 26 and 27 has a base curve Pb, which indicates the basic 
refractive power of the object side surface 3 on which the progressive refractive surface 5 is 
formed, of 4.00 D, a power addition Pa of 2.00 V, a surface refractive power D2 on the 
eyepoint side surface 2 of 6.00 D, a lens thickness at the center t of 3.0 mm, and a lens 
diameter d of 70.0 mm. 

[0008] 



Fig. 28 shows a prior art progressive multi focal lens 1 provided on the eyepoint side 
surface 2 with a toric surface 6 having a cylindrical refractive power C for astigmatic 
vision correction. Fig. 29 shows astigmatism of this lens and Fig.30 shows z coordinates of 
the toric surface 6. The lens having the astigmatism shown in Fig.29 has a cylindrical 
refractive power of —2.0 D and the other conditions are the same as the lens having the 
astigmatism shown in Fig.26. The progressive multi focal lens 1 for astigmatic vision has 
astigmatism of 2.00 D evenly introduced along the main meridian curve 14 for astigmatic 
vision correction. It is also processed to form a round shape that fits in an eyeglass frame 
for a user. 



[0009] 



Spectacle lenses having a progressive refractive surface to have successively changed 
refractive powers from the distant vision to near vision region is on market and widely 
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used for eyesight correction, including those for astigmatic vision correction. The 
progressive* multi focal lens is used to correct a wide range of eyesight. When the power 
addition, which is the difference in refractive power between the distant vision and near 
vision regions, is large, the progressive refractive surface becomes more aspherical and, 
therefore, has larger astigmatism on the lens. Hence, the shape of the progressive 
refractive surface is modified to eliminate astigmatism from the lens region generally used 
and remarkable changes in astigmatism are prevented to provide comfortable vision to the 
user. Reducing changes in astigmatism alleviates undulation and deformation of images. 
However, the progressive multi focal lens suffers from undulation and deformation of 
images due to the difference in refractive power between the distant vision and near vision 
regions. The distant vision region 11 has a refractive power for focusing in the distance 
while the near vision region 12 has a refractive power different from that of the distant 
vision region 11 for focusing in proximity. The progressive region 13 where the 
magnification is gradually changed is another factor for undulation and deformation of 
obtained images. 



[0010] 



Various designs have been proposed for the progressive refractive surface and some benefit 
from computational ability of computers. It seems to have reached the limit of reduction 
in undulation and deformation of images by modifying astigmatism on the progressive 
refractive surface. Thus, the present invention is intended to provide a progressive 
multi focal lens that can reduce distortion and deformation of images caused by the 
difference in magnification between the distant vision and near vision regions. The 
present invention is also intended to provide a progressive multi focal lens and a spectacle 
lens that provide comfortable vision to the user with undulation and deformation of 
images being further reduced, which has been reaching the limit in the current designs of 
the progressive refractive surface. The present invention is further intended to provide a 
progressive multi focal lens and a spectacle lens that provide clear vision with reduced 
undulation and deformation to the user who needs a larger difference between the distant 
vision and near vision regions (power addition), which more likely causes undulation and 
deformation of images. 

[0011] 
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[Problem resolution means] 

The inventors of the present application focused on the position of the progressive 
refractive surface that produces magnifications of a progressive multi focal lens and found 
that the progressive refractive surfaces formed on the eyepoint side serves to reduce the 
difference in magnification between the distant vision and near vision regions and, thus, 
significantly reduce undulation and deformation caused by it Hence, the present 
invention provides a progressive multi focal lens comprising distant vision and near vision 
regions having different refractive powers and a progressive region having progressively 
changed refractive powers in between, characterized by the fact that the curvature of a 
progressive refraction surface forming the distant vision, near vision, and progressive 
regions is provided on the eyepoint side surface of the progressive multi focal lens. 

[0012] 

The magnification SM of a lens is generally defined by the following expression. 
[0013] 

SM = MpxMs... (1) 
[0014] 

wherein Mp is a power factor and Ms is a shape factor, which are defined by the following 
in which, as shown in Fig.l, L is the distance between the peak of the eyepoint side surface 
of the lens (the inner peak) and the eyepoint, Po is the refractive power at the inner peak 
(the inner peak refractive power), t is the thickness of the lens at the center, n is the 
refractive index of the lens, and Pb is the base curve (refractive power) of the object side 
surface of the lens : 

[0015] 

Mp= l/(l-LxPo) ... (2) 
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Ms= l/(l-(txPb)/n)... (3) 
[0016] 



Here, for the calculation of the expressions (2) and (3), the inner peak refractive power Po 
and the base curve Pb are expressed in diopter (D) and the distance L and the thickness t 
are expressed in meter (m). 
[0017] 

The inner peak refractive power Po serves to correct eyesight in the distant vision and 
near vision regions. For a certain inner peak refractive power, the change in 
magnification SM can be suppressed by reducing the change in the base curve Pb of the 
object side surface. For example, a constant base curve Pb on a convex surface on the 
object side can be used to eliminate the change in magnification MS. However, as shown 
by the broken lines in Fig.l, the progressive refractive surface on the object side surface 
does not allow a constant base curb Pb on the object side. Furthermore, the shape factor 
Ms is subject to larger changes as the power addition increases, enhancing undulation and 
deformation of images. Thus, the present invention provides the progressive refractive 
surface on a concave surface on the eyepoint side. This can reduce the change in the base 
curve Pb on the object side surface as shown by the solid lines in Fig.l. For example, a 
spherical progressive multi focal lens having a constant base curve can be provided. Thus, 
the progressive multi focal lens of the present invention can minimize the difference in 
magnification between the distant vision and near vision regions. It also suppresses the 
change in magnification in the progressive region, reducing undulation and deformation of 
images. In this way, the present invention provides a progressive multi focal lens and a 
spectacle lens with reduced undulation and deformation of images while having equal 
astigmatism performance to that of the prior art progressive multi focal lens, thus 
providing the user with further comfortable vision. In particular, undulation and 
deformation of images is significantly reduced in a progressive multi focal lens with a 
large power addition. 



[0018] 



Fig.2 shows the magnifications of an embodiment of the progressive multi focal lens of the 



present invention having a base curve Pb of 5.00 D, a power addition Pa of 3.00 D, a 
spherical refractive power S of 2.00 D, a refractive index n of 1.662, a distance L of 15.0 
mm in comparison with a prior art progressive multi focal lens having the progressive 
refractive surface on the object side. As seen from the figure, the difference in 
magnification between the distant vision and near vision regions is reduced to 80% of the 
prior art, which significantly prevent undulation and deformation of images. 

[0019] 

As further shown in Fig.3, this effect is more remarkable as the power addition Pa 
increases. Fig.3 shows the difference in magnification between the distant vision and 
near vision regions of the progressive multi focal lens of the present invention having the 
progressive refractive surface on the eyepoint (concave surface) side wherein the base 
curve Pb is 4.00 D and the spherical refractive power S is 0.00 D. For comparison, the 
difference in magnification between the distant vision and near vision regions of the prior 
art progressive multi focal lens having the progressive refractive surface on the object 
(convex surface) side is also shown. As seen from this figure, the progressive multi focal 
lens of the present invention realizes the difference in magnification of one rank lower 
power addition Pa (approximately 0.25 D smaller Pa) or even two-rank lower for higher 
power additions compared to the prior art progressive multi focal lens. As a result, the 
user has undulation and deformation of images of the lens reduced to the level of one- or 
two rank lower power addition. 



[0020] 



The progressive multi focal lens of the present invention has the progressive refractive 
surface on the eyepoint side surface. Therefore, the progressive refractive surface has a 
smaller curvature (reciprocal to the radius of curvature) in the near vision region than in 
the distant vision region along the main meridian curve. Furthermore, the curvature of 
the progressive refractive surface decreases with distance from the main meridian curve at 
least in part of the distant vision region. The curvature of the progressive refractive 
surface increases with the distance from the main meridian curve at least in part of the 
near vision region. 



[0021] 
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The progressive multi focal lens having a power addition between 0.5 and 3.5 covers a 
wide range of users from those with very slight farsightedness to those with severe 
farsightedness and almost no adjustment ability. The progressive multi focal lens of the 
present invention has a significant effect on reducing undulation and deformation of 
images in the range shown in Fig.3. When the object side surface of the progressive 
multi focal lens of the present invention is rotationally symmetric, the power addition of 
this range is expressed by the following in which Dl is the average surface refractive 
power of the eyepoint side surface near the main meridian curve in the distant vision 
region and D2 is the average surface refractive power of the eyepoint side surface near the 
main meridian curve in the near vision region- 



[0022] 

0.5<(D1-D2)<3.5... (4) 
[0023] 

It is further desirable that the progressive refractive surface has a minimized astigmatism 
on the main meridian curve. To do so, it is desirable that the progressive refractive 
surface has the curvatures equal in two orthogonal directions at least on part of the main 
meridian curve. 

[0024] 

The progressive multi focal lens of the present invention has the progressive refractive 
surface on the eyepoint side. Thus, with a toric surface for astigmatic vision correction 
provided on the eyepoint side surface, a progressive multi focal lens for astigmatic vision 
correction having the astigmatic vision correction properties on the eyepoint side surface is 
provided. Hence, a progressive multi focal lens having a progressive refractive surface 
and a cylindrical refractive power on the eyepoint side surface is provided. The 
progressive multi focal lens of the present invention having an astigmatic vision correction 
properties can be used as spectacle lens in which the progressive refractive surface 
provided on the eyepoint side surface minimizes the difference in magnification between 
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the distant vision and near vision regions as described above so as to correct astigmatic 
vision and reduce undulation and deformation of images, providing comfortable vision to 

the user with astigmatic vision. 

[0025] 

The progressive multi focal lens having eyesight correction and astigmatic vision 
correction properties on the eyepoint side surface can be produced by a first step in which 
the curvature of a progressive refractive surface (hereafter termed original progressive 
refractive surface) for exhibiting a desired eyesight correction properties on the eyepoint 
side surface is determined, a second step in which the curvature of a toric surface 
(hereafter termed original toric surface) for exhibiting a desired astigmatic vision 
correction properties on the eyepoint side surface is determined, and a third step in which 
the curvatures of the original progressive refractive surface and original toric surface are 
combined to obtain the eyepoint side surface of a progressive multi focal lens. With the 
progressive refractive surface having an original progressive refractive surface combined 
with an original toric surface on the eyepoint side surface, a progressive multi focal lens 
having both functions, astigmatic vision correction functions by the toric surface and 
eyesight correction function by the progressive refractive surface other than astigmatic 
vision correction, and having reduced undulation and deformation of images is provided. 
[0026] In the third step above, a progressive refractive surface having astigmatic vision 
correction properties can be obtained by adding the zcoordinate values to form an original 
toric surface having astigmatic vision correction properties to the z coordinate values to 
form an original progressive refractive surface having eyesight correction properties. 
However, as a result of discussions by the authors of the present application, it is desirable 
to use the following expression (5) in order to obtain a progressive refractive surface 
having the astigmatic vision correction properties equal to that of the prior art progressive 
multi- lens for astigmatic vision correction having a progressive refractive surface on the 
object side and a toric surface on the eyepoint side. Thus, in the third step, the following 
expression (5) is used to obtain the value Z at any point (X, Y, Z) on the eyepoint side 
surface of a progressive multi focal lens in which Cp is the approximated curvature of the 
original progressive refractive surface and Cx and Cy are the curvatures in the x- and 
y directions of the original toric surface, respectively. In this way, a progressive 
multi focal lens having the astigmatic vision correction and eyesight correction properties 
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equal to tfiose of the prior art progressive multi focal lens and also having a reduced 
difference in magnification and, thus, reduced undulation and deformation. 

[0027] 
[Math 1] 

(Cp + Cx)X2+ (Cp+ Cy)Y2 

Z = ■ 

1 + V(l - (Cp + Cx)2 X2- (Cp + Cy) 2 Y2) 

[0028] 

Here, in the state in which the glasses are worn, the zaxis is defined as an axis passing 
the center of a progressive refractive surface from the object side to eyepoint side, the 
yaxis extending from the bottom to top orthogonally to the zaxis, and the x axis 
extending from the left to right orthogonally to the zaxis. X and Y are the coordinates at 
any point on the x y coordinates in the eyepoint side surface and Z is a z coordinate in the 
orthogonal direction to the eyepoint side surface. The curvature Cp is an approximated 
curvature at any point p (X, Y, Z) on the original progressive refractive surface. The 
curvatures Cx and Cy are the curvatures in the x- and ydirections, respectively, on the 
toric surface for astigmatic vision correction. In this embodiment, the approximated 
curvature Cp is an average curvature in the radial direction, which is reciprocal to the 
radius of a circle passing the three point, p' comprising a rotationally symmetric point to 
the point p, (-X, -Y, Z), and the inner origin (0, 0, 0), in the x y plane including any point p 
(X, Y, Z) on the original refractive surface orthogonal to the z axis (that passes through the 
lens center or inner origin (0, 0, 0)). However, when a point p on the original progressive 
refractive surface is at the inner origin, the average curvature in the radial direction Cp is 
not defined and Z = 0 in the expression (5). 

[0029] 

The present invention uses the composite expression (5) above to introduce the properties 
of the original progressive refractive surface and original toric surface onto the eyepoint 
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side surface. Thus, a progressive multi focal lens having a progressive refractive surface 
for eyesight correction on the eyepoint side surface and a progressive multi focal lens 
having a progressive refractive surface for both eyesight correction and astigmatic vision 
correction on the eyepoint side surface can be provided. Spectacle lenses extensively used 
to cover a wide range of users with or without need of astigmatic vision correction can be 
realized. A series of spectacle lenses using a progressive multi focal lens with reduced 
undulation and deformation can be on market for all users. 



[0030] 



With a base 270-degree direction prism being added, the progressive multi focal lens 
having a progressive refractive surface on the eyepoint side surface can be reduced in 
thickness. The progressive multi focal lens having a progressive refractive surface on the 
eyepoint side of the present invention can be provided as a meniscus lens suitable for 
spectacle lens by satisfying the following expression in which Ps is the peak refractive 
power of the distant vision region, Pa is the additional refractive power (power addition), 
and Pb is the refractive power (base curve) of the object side surface of an progressive 
multi focal lens* 



[0031] 



Pb>Ps + Pa... (6) 



[0032] 



[Embodiments] 



The present invention is further described in detail using several progressive multi focal 
lenses designed based on the present invention. 



[Embodiment l] 



[0033] 
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Fig.4 shows a progressive multi focal lens 10 having a progressive refractive surface 5 on 
the eyepoint side surface 2 according to the present invention. The progressive 
multi focal lens 10 of this embodiment has a distant vision region 11 for viewing distant 
objects in the upper area and a near vision region 12 having a different refractive power 
from that of the distant vision region for viewing near objects in the lower area, similarly 
to the prior art progressive multi focal lens shown in Fig.25. In addition, the progressive 
multi focal lens 10 also has a progressive region 13 having successively changed refractive 
powers to smoothly connect the distant vision and near vision regions 11 and 12. The 
progressive multi focal lens 10 of this embodiment has a progressive refractive surface 5 
that is aspherical for forming the distant vision region 11, near vision region 12, and 
progressive region 13 on the eyepoint side surface 2. Therefore, the object side surface 3 
can be a spherical surface having a constant base curve Pb. As described above using the 
expressions (l) to (3), the difference in magnification between the distant vision and near 
vision region 11 and 12 is smaller and the change in magnification in the progressive 
region 13 is reduced. Thus, undulation and deformation of images due to the difference in 
magnification is significantly reduced compared to the prior art progressive multi focal 
lens having the progressive refractive surface on the object side surface. 

[0034] 



Figs. 5 and 6 show astigmatism and z coordinates of the eyepoint side surface or the 
progressive refractive surface 5 of the progressive multi focal lens 10 of the present 
invention having the progressive refractive surface on the eyepoint side surface 2. The 
progressive multi focal lens 10 of this embodiment is designed to achieve astigmatism 
equal to the prior art progressive multi focal lens having the progressive refractive surface 
on the object side surface 3 as described above using Figs. 26 and 27. The progressive 
multi focal lens 10 of this embodiment shown in Figs. 5 and 6 has a spherical object side 
surface 3 having a constant base curve Pb, or refractive power, of 4.00 D. The eyepoint 
side surface 2 has an average surface refractive power in the distant vision region of 6.00 
D, an average surface refractive power in the near vision region of 4.00 D, and a power 
addition Pa of 2.00 D. The distant vision region 11 has a spherical refractive power S of 
-2.00 D, a lens thickness at the center t of 3.0 mm, and a lens diameter d of 70.0 mm. 
Under these conditions, the progressive refractive surface 5 shown in Fig.4 can be provided 
on the eyepoint side surface 2 and, accordingly, the progressive multi focal lens 10 having 
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the astigmatism' shown in Fig. 5 can be obtained. The astigmatism of the progressive 
multi focal lens 10 of this embodiment shown in Fig. 5 is nearly the same as that of the 
prior art progressive multi focal lens shown in Fig.26. It is understood that progressive 
multi focal lens 10 having equal astigmatism properties to the prior art progressive 
multi focal lens having the progressive refractive surface 5 on the object side surface 3 can 
be obtained with the progressive refractive surface 5 being on the eyepoint side surface 2. 



[0035] 



Hence, having the equal astigmatism properties to the prior art in terms of astigmatism, 
the progressive multi focal lens 10 of this embodiment ensures a sufficient clear vision 
region and reduces undulation and deformation of images due to the difference in 
astigmatism. In comparison of the difference in magnification between the distant vision 
and near vision regions 11 and 12, the progressive multi focal lens 10 of this embodiment 
has a magnification in the distant vision region of 0.976, a magnification in the near vision 
region of 1.007, and their difference of 0.031. On the other hand, the prior art progressive 
multi focal lens 1 having the progressive refractive surface on the object side shown in 
Fig. 25 has a magnification in the distant vision region of 0.976, a magnification in the near 
vision region of 1.011, and the their difference of 0.035. Thus, it is understood that the 
difference in magnification between the distant vision and near vision regions of the 
progressive multi focal lens 10 of this embodiment is improved by 12 to 13 % compared to 
the prior art. With reduced difference in magnification, the progressive multi focal lens 
10 of this embodiment has reduced undulation and deformation of images caused by the 
difference in magnification in a progressive multi focal lens. The progressive multi focal 
lens 10 of this embodiment can be processed to form a round shape that fits in an eyeglass 
frame, providing a bright spectacle lens 9 having significantly reduced undulation and 
deformation of images. 



[0036] 



The progressive refractive surface 5 on the eyepoint side surface 2 of this embodiment is 
further described. Fig.7 shows the change in radius of curvature of the progressive 
refractive surface 5 along the main meridian curve 14. In the figure, the z coordinate is 
negatively increased in the direction to an object to view and positively incresed in the 
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direction to the eyepoint. Assuming that the progressive refractive surface 5 has a radius 
of curvature rl at the part forming the upper, distant vision region 11 and a radius of 
curvature r2 at the part forming the lower, near vision region 12 along the main meridian 
curve 14, the progressive multi focal lens for eyeglasses has a smaller refractive power in 
the distant vision region 11 than in the near vision region 12; thus, subtracting of the 
refractive power value in the near vision region 12 from the refractive power value in the 
distant vision region 13 gives a negative number. Hence, the radius of curvature rl is 
smaller than the radius of curvature r2 in the progressive multi focal lens 10 of this 
embodiment. The curvatures Cl and C2, which are reciprocal to the radiuses of 
curvature rl and r2, of the distant vision and near vision regions 11 and 12 have the 
following relationship: 

[0037] 

C1>C2 ... (7) 
[0038] 

As shown in Fig.8 (a), the radius of curvature in the direction 15 orthogonal to the main 
meridian curve 14 in the distant vision region 11 increases with the distance from the 
main meridian curve 14 in some area, producing the progressive region 13 continued to the 
near vision region 12 having larger radiuses of curvature. On the other hand, as shown 
in Fig.8 (b), the curvature in the direction 16 orthogonal to the main meridian curve 14 in 
the near vision region 12 decreases with the distance from the main meridian curve 14 at 
least in some area, producing the progressive region 13 continued to the distant vision 
region 11 having smaller radiuses of curvature. Assuming the radius of curvature in the 
direction 15 orthogonal to the main meridian curve 14 in the distant vision region 11 is r3 
at a point near the main meridian 14 and r4 at a point 5 to 35 mm away from the main 
meridian curve 14, the radius of curvature r3 is equal to or smaller than the radius of 
curvature r4. Thus, the curvatures C3 and C4, which are reciprocal to the radiuses of 
curvature r3 and r4, have the following relationship in the distant vision region 11; here, 
C3 is the curvature near the main meridian curve 14 and C3 is the curvature away from 
the main meridian curve 14: 
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[0039] 

C3> C4 ... (8) 
[0040] 

It is also possible that the eyepoint side surface 2 forming the distant vision region 11 is 
made spherical to ensure a large clear vision region in the distant vision region 11 and the 
progressive region 13 is concentrated near the near vision region 12. In such a case, the 
curvatures C3 and C4 are equal in the distant vision region 11. On the other hand, 
assuming the radius of curvature in the direction 16 orthogonal to the main meridian 
curve 14 in the near vision region 12 is r 5 at a point near the main meridian 14 and r6 at a 
point 5 to 35 mm away from the main meridian curve 14, the radius of curvature r5 is 
equal to or larger than the radius of curvature r6. Thus, the curvatures C5 and C6, which 
are reciprocal to the radiuses of curvature r5 and r6, have the following relationship in the 
near vision region 11 ; here, C5 is the curvature near the main meridian curve 14 and C6 is 
the curvature apart from the main meridian curve 14- 

[0041] 

C5<C6... (9) 
[0042] 

It is also possible in the near vision region 12 that the eyepoint side surface 2 is made 
spherical to ensure a large clear vision region in the near vision region 12 and the 
progressive region is concentrated near the distant vision region 11. In such a case, the 
curvatures C5 and C6 are equal in the near vision region 12. The change in radius of 
curvature of the expressions (8) and (9) above along the horizontal direction in relation to 
the main meridian curve 14 is explained using the curvatures in the directions 15 and 16 
that are orthogonal to the main meridian curve 14. However, there are no specific 
restrictions to the direction and it is sufficient that the average curvature associated with 
the distance from the main meridian curve 14 satisfies the expressions (8) and (9). 
[0043] When the spectacle lens 9 of this embodiment is in use, the user's eyeballs are most 
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likely moved along the main meridian curves 14. Therefore, it is desired in the 
progressive multi focal lens 10 with no need of astigmatic vision correction that the main 
meridian curve 14 is formed as a collection of umbilical points to prevent undulation and 
deformation of images. Then, the curvatures CI, C2, C3, and C5 above have the following 
relationship^ 

[0044] 

CI = C3 

C2 = C5... (10) 

[0045] 

Here, the average surface refractive power Dl of the eyepoint side surface 2 in the distant 
vision region 11 and the average surface refractive power D2 of the eyepoint side surface 2 

in the near vision region 12 along the main meridian curve 14 are expressed by the 
following expressions: 

[0046] 

Dl = (n- l)x CI 

D2 = (n-l)xC2... (11) 

in which n is the refractive index of the lens material forming the progressive multi focal 
lens 10 of this embodiment. 

[0047] 

The progressive multi focal lens 10 of this embodiment has a spherical object side surface 
3; therefore, the power addition d is the difference between the average surface refractive 
powers Dl and D2 of the distant vision and near vision regions 11 and 12. The curvature 
CI of the distant vision region 11 is larger than the curvature C2 of the near vision region 
12 as shown by the expression (7), the average surface refractive power Dl in the distant 
vision region 11 is larger than the average surface refractive power D2 in the near vision 
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region 12 on the eyepoint side surface 2. As described above using Fig.3, the progressive 
multi focal lens 10 of the present invention can be used to reduce the difference in 
magnification between the distant vision and near vision region 11 and 12 so as to provide 
comfortable vision to the user with reduced undulation and deformation of image in a wide 
range of progressive multi focal lenses having a power addition from 3.5 dipoter for users 
with substantially no adjustment ability to 0.5 diopter for users with substantially no 
farsightedness. For example, the 3.50 diopter is sufficient to provide clear vision of 
objects in infinity to approximately 30 cm away to a user with substantially no adjustment 
ability. This power addition is expressed by the following expression as described above 
in which Dl and D2 are the average surface refractive powers in the distant vision and 
near vision regions 11 and 12: 

[0048] 

0.5<(D1-D2)<3.5... (4) 
[0049] 

When a toric surface is provided on the eyepoint side surface 2 for astigmatic vision 
correction, the main meridian curve 14 is not a collection of umbilical points and nearly 
constant astigmatism is introduced along the main meridian curve 14 as shown in the next 
embodiment. 

[0050] 

As disclosed in detail in Patent Publication H02 39768, it is desirable that astigmatism 
caused by the difference in curvature is produced in the direction that cancels astigmatism 
caused by the refractive power when the refractive power is oriented along the main 
meridian curve 14 for reducing the thickness of spectacle lens or standardizing it. In such 
a case, it is desired that the difference is introduced between the curvatures CI and C2 
along the main meridian curve 14 and between the curvatures C3 and C5 in the direction 
orthogonal to the main meridian curve 14. In the progressive multi focal lens 10 of this 
embodiment having the progressive refractive surface 5 on the eyepoint side surface 2, the 



20 



refractive power Pt along the main meridian curve 14 positively increases toward the 
periphery of the lens than the refractive power Ps in the direction orthogonal to the main 
meridian curve 14, In such a case, it is desired that the curvatures CI and C2 along the 
main meridian curve 14 are slightly larger than the curvatures C3 and C5 in the direction 
orthogonal to the main meridian curve 14 as shown by the following expression (12) in 
order to cancel astigmatism caused by the refractive powers Pt and Ps. 

[0051] 

C1>C3 
C2>C5... (12) 

[0052] 

Furthermore, as shown in Fig.9 (a), the progressive multi focal lens 10 of this embodiment 
has the progressive refractive surface 5 on the eyepoint side surface 2, being larger in 
thickness in the distant vision region 11 than in the near vision region 12. Thus, it is 
desired to introduce a base direction 270-degree prism having no eyesight correction 
function in order to reduce the progressive multi focal lens 10 in thickness and weight. 
This leads to the progressive multi focal lens 10 having a significantly small thickness as 
shown in Fig.9 (b). The prism base direction is expressed by the angle at which incident 
light to the eyepoint side surface 2 of the lens at a right angle is deflected, the angle being 
measured anti-clock wise about the horizontal line seen from the object side surface 2. 
Prism quantity to be introduced is selected in a range between 0.25 and 3.00 prism 
diopters for an optimum value of the user. 

[0053] 

The inner peak refractive power (peak refractive power) Ps in the distant vision region 11, 
additional refractive power (power addition) Pa, and refractive power (base curve) Pb of 
the objective side surface 2 of the progressive multi focal lens must satisfy the following 
expression (6) in order for the progressive multi focal lens 10 of this embodimentto have a 
convex object side surface 3 and a concave eyepoint side surface 2 so that it is suitable for 
spectacle lens : 
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[0054] 

Pb>Ps + Pa ... (6) 
[0055] 

By selecting the peak refractive power Ps, power addition Pa, and base curve Pb that 
satisfy the expression (6), a meniscus progressive multi focal lens 10 can be obtained, 
providing a spectacle lens which fits the face. 

[Embodiment 2] 

[0056] 

Fig. 10 shows a progressive multi focal lens 10 having a progressive refractive surface 5 
and a toric surface 6 on the eyepoint side surface 2. In order to make a distinction from a 
progressive refractive surface of this embodiment having both eyesight correction and 
astigmatic vision correction properties formed on the eyepoint side surface 2, a progressive 
refractive surface for exhibiting desired eyesight correction properties other than 
astigmatic vision correction on the eyepoint side surface is hereafter termed original 
progressive refractive surface and a toric surface for exhibiting a desired astigmatic vision 
correction properties on the eyepoint side surface is hereafter termed original toric surface. 

[0057] 

The progressive multi focal lens 10 of this embodiment is designed and produced according 
to the steps illustrated in the flowchart of Fig. 13. First, an original progressive refractive 
surface is obtained based on parameters according to the user's farsightedness and way of 
using eyeglasses and the outcome is stored as coordinates or curvatures at the step STL 
Before or after this, an original toric surface for correcting astigmatic vision of the user is 
obtained and the outcome is stored as curvatures at the step ST2. It is nevertheless to 
say possible to store the outcome as coordinates. Then, the outcomes of the ST1 and ST2 
are used to obtain the coordinates on the eyepoint side surface having the eyesight 
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correction and astigmatic vision correction properties at the step ST3. In this 
embodiment, the following composite expression (5) as described above is used to obtain 
z-coordinates on the eyepoint side surface 2 

[0058] 

[Math 2] 

(Cp + Cx) X2+ (Cp+ Cy)Y2 

Z = (5) 

1 + V(l - (Cp + Cx)2 X2 - (Cp + Cy)2 Y2) 

[0059] 

The composite expression (5) can be used to provide a progressive multi focal lens having 
an astigmatic vision correction function for eyesight correction as the prior art progressive 
multi focal lens shown in Fig.28. 

[0060] 

Fig. 11 shows astigmatism of the progressive multi focal lens 10 of the present invention, 
which corresponds to the prior art progressive multi focal lens having a progressive 
refractive surface on the object side surface 3 and a toric surface on the eyepoint side 
surface 2 shown in Fig.29. Fig. 12 shows z-coordinates of the progressive multi focal lens 
10 of this embodiment. The eyepoint side surface 2 having the z coordinate values Z 
shown in Fig. 12 is obtained by using the expressing (5) above to combine the original 
progressive refractive surface 5 shown in Fig. 6 with the original toric surface 6 shown in 
Fig.30. It is seen from the Fig. 11, provided with this eyepoint side surface 2 and the 
object side surface 3, the progressive multi focal lens 10 is a progressive multi focal lens 
for astigmatic vision correction having nearly the same astigmatism properties as that 
shown in Fig.29. Thus, the present invention provides the progressive multi focal lens 10 
having eyesight correction and astigmatic vision correction properties equal to those of the 
prior art progressive multi focal lens having the progressive refractive surface on the 
object side surface 3 and the toric surface on the eyepoint side surface 2. 
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[0061] 



In this embodiment, the curvature of a toric surface for astigmatic vision correction is 
introduced on the eyepoint side surface in addition to the curvature for the eyesight 
correction so that the eyepoint side surface also has a astigmatic vision correction 
properties, or a cylindrical refractive power. Thus, the progressive refractive surface 
having both eyesight correction and astigmatic vision correction properties is provided on 
the eyepoint side surface. This results in reducing the difference in magnification 
between the distant vision and near vision regions 11 and 12 besides the eyesight 
correction and astigmatic vision correction properties, providing the progressive 
multifocal lens 10 having reduced undulation and deformation of images,. The difference 
in magnification between the distant vision and near vision of the progressive multi focal 
lens 10 of this embodiment is reduced by 12 to 13 % both in 90*degree and 180 degree 
directions compared to the prior art lens. It is understood that the present invention 
reduces undulation and deformation of images also in the progressive multi focal lens for 
astigmatic vision correction. Hence, the progressive multi focal lens 10 of this 
embodiment can be processed to form a round form that fits in an eyeglass frame to 
provide a spectacle lens 9 that corrects eyesight and astigmatic vision and has reduced 
undulation and deformation of images. The spectacle lens 9 of the present invention can 
provide comfortable vision to the user with astigmatic vision. 
[0062] 

The progressive multi focal lens 10 shown in Figs. 11 and 12 has a constant base curve, 
which represents the refractive power of the object side surface 3, of 4.00 D. The 
progressive refractive surface 5 on the eyepoint side 2 has an average refractive power in 
the distant vision region 11 of 6.00 D, an average refractive power in the near vision region 
12 of 4.00 D, and a power addition of 2.00 D before the toric surface is combined, which are 
the same as in Embodiment 1. Then, a toric surface having an astigmatic axis of 90 
degrees, a spherical refractive power of -2.00 D, and a cylindrical refractive power of —2.00 
D is combined with it. The lens has a lens thickness at the center t of 3.0 mm, and a 
diameter d of 70.0 mm. 



[0063] 
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Fig. 15 shows a lens 19 having a progressive refractive surface on the eyepoint side surface 
2 formed by adding the zcoordinate values of the original toric surface shown in Fig.30 to 
the z coordinate values of the original progressive refractive surface shown in Fig. 6 
instead of using the composite expression (5) above. Fig. 16 shows astigmatism of the lens 
19 and Fig. 17 shows zcoordinates of the eyepoint side surface 2 of the lens 19. A 
progressive refractive surface having eyesight correction and astigmatic vision correction 
functions can be formed by adding the z coordinate values of an original toric surface to 
the z coordinate values of an original progressive refractive surface. However, as seen 
from Fig. 16, the astigmatism equal to that of the prior art progressive multi focal lens for 
astigmatic vision correction shown in Fig.29 is hardly obtained without using the above 
composite expression (5). Therefore, it is understood that the eyesight correction and 
astigmatic vision correction equal to the prior art progressive multi focal lens for 
astigmatic vision correction is hardly obtained. 

[0064] 

This can also be seen in Fig. 18 where the change in astigmatism along the main meridian 
curve 14 of each of the progressive multi focal lenses is shown. In Fig. 18, the absolute 
values of astigmatism along the main meridian curve 14 of the prior art progressive 
multi focal lens 1 for astigmatic vision correction are indicated by black circles and broken 
lines 31. The absolute values of astigmatism along the main meridian curve 14 of the 
progressive multi focal lens 10 for astigmatic vision correction in Fig. 11 formed by using 
the composite expression (5) are indicated by black circles and solid lines 32. As seen 
from this figure, the progressive multi focal lens 10 of this embodiment having the 
eyepoint side surface 2 formed by using the composite expression (5) has astigmatism of 2 
D in a significantly stable manner, which does not interfere with eyesight correction 
capability for astigmatic vision correction throughout the entire main meridian curve as in 
the prior art progressive multi focal lens 1. On the contrary, the progressive refractive 
surface of the lens 19 in Fig. 16 formed by adding the coordinates of the original toric 
surface to those of the original refractive surface does have astigmatism of 2 D for 
astigmatic vision correction along the main meridian curve as indicated by black squires 
and broken lines 33. However, stable astigmatism is hardly obtained compared to the 
lens 10 obtained by using the composite expression (5). In particular, the change in 
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astigmatism is larger at the periphery of the lens 9, where astigmatism for astigmatic 
vision correction is hardly achieved. Here, relatively large changes in astigmatism lead to 
undulation and deformation of images when the eyeball is moved along the main meridian 
curve compared to the progressive multi focal lens 10 produced by using the composite 
expression (5). In this way, the composite expression (5) can be used to combine an 
original progressive refractive surface with an original toric surface, providing a 
progressive multi focal lens that ensures more comfortable vision with reduced undulation. 

[0065] 

In the embodiment described above, the spherical refractive power of a toric surface is 
provided in the vertical direction of the lens (AXIS 90 degrees) (in other words, the 
cylindrical refractive power of a toric surface is provided in the horizontal direction of the 
lens). However, the present invention is not restricted thereto. The xy directions are 
not restricted to the direction described above and can be in proper directions, the 
coordinates of which are available to perform the process described above. For example, 
when the spherical refractive power of a toric surface is provided in the horizontal 
direction of the lens, the x and y axes of the x y coordinates can be respectively rotated by 
90 degrees to the left in relation to the embodiments described above so that the 
expression (5) of this embodiment is applicable. Furthermore, when the spherical 
refractive power of a toric surface is provided in an arbitrary direction (including an 
oblique direction) of the lens, the x and y axes of the x y coordinates can be respectively 
rotated by a degrees (a is an arbitrary angle between 0 and 350) to the left in relation to 
the embodiments described above so that the expression (5) of this embodiment is 
applicable. 



[0066] 



In such a case, the step in which a progressive refractive surface without astigmatic vision 
correction capability as shown in Embodiment 1 is determined is first performed as 
described above. Then, for the calculation of the expression (5), the same coordinates 
must be used to express both an original progressive refractive surface and an original 
toric surface. It is desirable in determining an original progressive refractive surface 
without astigmatic vision correction capability for the sake of simplicity that the 
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coordinates that suitably expresses a toric surface, or the coordinates rotated by a degrees 
to the left in relation to the embodiment described above in consideration of the direction 
of the spherical refractive power of the toric surface, are used to express the original 
progressive refractive surface without astigmatic vision correction capability. 

[Other embodiments] 

[0067] 

Figs. 19 to 24 show the progressive multi focal lens 10 for astigmatic vision correction 
formed by using the composite expression (5) of the present invention under other 
conditions. Fig. 19 shows the progressive multi focal lens 10 formed by using the 
composite express (5) in which the original progressive refractive surface 5 and the 
original toric surface 6 are the most spherical. The progressive multi focal lens 10 of this 
embodiment has a spherical refractive power S of 0.00 D, a cylindrical refractive power C 
of -0.25 D, an astigmatic axis of 45 degrees, and a power addition Pa of 0.50 D. Fig. 20 
shows a prior art progressive multi focal lens 1 designed under the same conditions. It is 
seen from the comparison between the Figs. 19 and 20 that using the composite expression 
(5) results in the progressive multi focal lens 10 having nearly the same astigmatism of 
the prior art progressive multi focal lens 1 and a progressive multi focal lens having the 
equal performance in eyesight correction and astigmatic vision correction to the prior art 
can be obtained. Furthermore, the progressive multi focal lens 10 of this embodiment has 
the curvatures for exhibiting the functions of the progressive refractive surface 5 and toric 
surface on the eyepoint side surface 2. Thus, the object side surface 3 can be a spherical 
surface having a constant base curve. Therefore, the difference in magnification between 
the distant vision and near vision regions is reduced as in the embodiments described 
above. In addition, the change in magnification in the progressive region is reduced so 
that comfortable vision with reduced undulation and deformation of images can be 
provided to the user. 

[0068] 

Fig.21 shows astigmatism of the lens 19 of this embodiment wherein values of the 
z coordinates of the original progressive refractive surface and original toric surface are 
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simply added to produce an eyepoint side surface 2. It is understood from the comparison 
of the astigmatism in this figure with those of Figs. 19 and 20 that using the composite 
expression (5) results in a lens having the same performance as the prior art progressive 
multi focal lens 1 in terms of astigmatism. Thus, the present invention reduces 
undulation and deformation of images, providing a progressive multi focal lens that can be 
used as more comfortable spectacle lens than the prior art progressive multi focal lens 

[0069] 

Fig.22 shows astigmatism of an embodiment of the progressive multi focal lens 10 of the 
present invention in which the least spherical original progressive refractive surface 5 and 
original toric surface 6 are combined using the composite expression (5) and, therefore, the 
combined eyepoint side surface 2 has the largest difference in zcoordinate. The 
progressive multi focal lens 10 of this embodiment has a spherical refractive power S of 
0.00 D, an cylindrical refractive power C of -6.00 D, an astigmatism axis of 45 degrees, 
and a power addition of 4.50 D. Fig.23 shows astigmatism of an embodiment of the prior 
art progressive multi focal lens 1 designed under the same conditions. It is understood 
from the comparison between Figs. 22 and 23 that using the composite expression (5) 
allows the progressive multi focal lens 10 of this embodiment to have the same 
astigmatism as the prior art progressive multi focal lens 1. The composite expression (5) 
of the present invention is usefully used to combine the progressive refractive surface 5 
having a power addition between 0.5 and 3.5 D with the toric surface 6 having a 
cylindrical power C between 0.25 and 6.00 D. Thus, the composite expression (5) of the ' 
present invention can be used to provide a progressive multi focal lens for astigmatic 

vision correction having a progressive refractive surface 5 on the eyepoint side surface 2 
with significantly reduced undulation and deformation of images. 

[0070] 

Fig.24 shows astigmatism of the lens 19 of this embodiment wherein z coordinates of the 
progressive refractive surface and toric surface are added to produce an eyepoint side 
surface 2. As seen from this figure, using the composite expression (5) reduces 
astigmatism also in the progressive multi focal lens of this embodiment, compared to the 
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lens produced by simply adding the zcoordinates of the original progressive refractive 
surface and original toric surface. 

[0071] 

The preferred embodiments described in this specification are given as examples and not 
restrictive. The scope of the present invention is defined by the attached claims and any 
modifications within the spirit and scope of the present invention are completely included 
in the claims. 

[0072] 

[Efficacy of the invention] 

As described above, the progressive multi focal lens of the present invention has the 
progressive refractive surface on the eyepoint side surface so that the object side surface is 
not necessarily designed aspherical and can be a spherical surface having a constant base 
curve. This prevents the change in magnification MS based on the shape factor Ms 
according to the object side surface, reducing the difference in magnification between the 
distant vision and near vision regions. Recent advanced technologies in the design of 
progressive refractive surfaces have improved astigmatism in a progressive multi focal 
lens to reduce undulation and deformation of image almost to a marginal level. In this 
circumstance, the present invention provides a progressive multi focal lens with further 
reduced undulation and deformation of images caused by the difference in magnification 
between the distant vision and near vision regions. In particular, progressive multi focal 
lenses having a large difference in refractive power between the distant vision ad near 
vision regions, or a high power addition, will have significantly reduced undulation and 
deformation of images from the benefit of the present invention. Hence, the present 
invention provides comfortable vision to the user of a progressive multi focal lens having a 
large power addition who suffers from undulation and deformation of images. 

[0073] 

The present invention provides a composite expression to produce a progressive refractive 
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surface combined with a toric surface for astigmatic vision correction on the eyepoint side 
surface in order to exhibit certain performances. The composite expression can be used to 
produce a progressive refractive surface on the eyepoint side surface in order to reduce 
undulation and deformation of images in a progressive multi focal lens for astigmatic 
vision correction. Thus, the present invention realizes a progressive multifocal lens that 
provides comfortable vision with reduced undulation and deformation to the users with or 
without need of astigmatic vision correction. The composite expression of the present 
invention allows the progressive multi focal lens of the present invention to be applicable 
to any progressive surface design and obtain the effect of the present invention, such as 
reduced undulation and deformation. A series of prior art progressive multi focal lenses 
having a progressive refractive surface on the object side surface, which are currently on 
market, can be replaced by a series of those having a progressive refractive surface on the 
eyepoint side surface. Then, any users can obtain comfortable and bright vision. 

[0074] 

Furthermore, the progressive multi focal lens of the present invention has a progressive 
refractive surface and a toric surface on the eyepoint side surface. This leaves the object 
side surface free. As described above, the convex object side surface can be a fashionable 
spherical surface having a constant base curve to provide fashionable spectacle lens in 
addition to preventing undulation and deformation of images. The convex object side 
surface can be a rotationally symmetric, aspherical surface in order to improve 
astigmatism throughout the lens. The Japanese Laid Open Patent H02 289818 discloses 
a method to reduce the lens in the edge thickness and improve astigmatism wherein the 
convex object side surface is a convex aspherical surface having the curvature that 
substantially increases from the symmetric axis to the lens periphery at least near the 
symmetric axis of the rotational symmetry. The rotationally symmetric, aspherical 
convex surface described above can be used with the progressive multi focal lens of the 
present invention. Furthermore, the convex object side surface is not restricted to a 
spherical surface or a rotationally symmetric, aspherical surface. It can be an aspherical 
surface to further improve optical performances of the lens, such as astigmatism, or a 
fashionable aspherical surface that fits the user's individual preference. In this way, the 
present invention allows the progressive multi focal lens to have an aspherical surface for 
adding fashion sense to optical performances on the convex surface. Hence, the 
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progressive multi focal lens of the present invention can be processed to provide spectacle 
lens exhibiting optical performances as a progressive multi focal lens and fashion sense of 
the user's individual preference. The object side surface of spectacle lens can be used in 
further versatile ways. 
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[Brief explanation of the drawings] 



[Fig.l] 

Fig. 1 is a schematic representation of the progressive multi focal lens of the present 
invention. 

[Fig.2] 

Fig.2 is a chart to show the magnifications of the distant vision and near vision regions 
and their difference of the progressive multi focal lens of the present invention in 
comparison with those of a prior art progressive multi focal lens. 

[Fig.3] 

Fig.3 is a chart to show the difference in magnification between the distant vision and 
near vision regions of the progressive multi focal lens of the present invention for each 
power addition in comparison with that of a prior art progressive multi focal lens for 
comparison. 

[Fig.4] 

Fig.4 is a schematic representation of the progressive multi focal lens of Embodiment 1 of 
the present invention: (a) is a front view and (b) is a cross-section along the main meridian 
curve. 

[Fig. 5] 

Fig.5 is an illustration to show astigmatism of the progressive multi focal lens shown in 
Fig.4. 

[Fig.6] 

Fig. 6 is an illustration to show z coordinates of the eyepoint side surface of the progressive 
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multi focal lens shown in Fig.4. 
[Fig.7] 



Fig.7 is an illustration to show the radius of curvature (reciprocal to the curvature) of the 
eyepoint side surface along the main meridian curve of the progressive multi focal lens 
shown in Fig.4. 

[Fig.8] 

Fig.8 is an illustration to show the radius of curvature of the eyepoint side surface in the 
direction orthogonal to the main meridian curve of the progressive multi focal lens shown 
in Fig.4: Fig.8 (a) shows the radius of curvature of the distant vision region and Fig.8 (b) 
shows the radius of curvature of the near vision region. 

[Fig.9] 

Fig.9 is an illustration to show a 270 degree base prism applied to the progressive 
multi focal lens shown in Fig.4^ Fig.9 (a) shows the cross-section of the progressive 
multi focal lens without the prism and Fig.9 (b) shows the cross-section of the progressive 
multi focal lens with the prism. 

[Fig. 10] 

Fig. 10 is a schematic representation of the progressive multi focal lens of Embodiment 2 of 
the present invention : Fig. 10 (a) is a front view and Fig. 10 (b) is a cross-section along the 
main meridian curve. 

[Fig. 11] 

Fig. 11 is a chart to show astigmatism of the progressive multi focal lens shown in Fig. 10. 
[Fig. 12] 

Fig. 12 is an illustration to show z coordinates of the eyepoint side surface of the 
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progressive multi focal lens shown in Fig. 10. 
[Fig. 13] 



Fig. 13 is a flowchart to show the production process of the progressive multi focal lens of 
the present invention having eyesight correction and astigmatic vision correction 
capabilities. 



[Fig. 14] 

Fig. 14 is a chart to show the difference in magnification between the distant vision and 
near vision regions of the progressive multi focal lens of the present invention having 
eyesight correction and astigmatic vision correction capabilities in comparison with that of 
a prior art progressive multi focal lens for comparison. 



[Fig. 15] 

Fig. 15 is a schematic illustration of a lens formed by adding the original toric surface to 
the original progressive refractive surface of Embodiment 2 of the present invention- 
Fig. 15 (a) is a front view and Fig. 15 (b) is a cross-section along the main meridian curve. 



[Fig. 16] 

Fig. 16 is an illustration to show astigmatism of the lens shown in Fig. 15. 



[Fig. 17] 



Fig. 17 is an illustration to show z coordinates of the eyepoint side surface of the lens 
shown in Fig. 15. 

[Fig. 18] 

Fig. 18 is a graphic representation to show the change in astigmatism along the main 
meridian curve of the progressive multi focal lens of Embodiment 2 of the present 
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invention shown in Fig. 10 along with those of the prior art progressive multi focal lens 
shown in Fig.28 and the lens shown in Fig. 15. 

[Fig. 19] 



Fig. 19 is an illustration to show astigmatism of another embodiment of the progressive 
multi focal lens of the present invention. 

[Fig.20] 

Fig.20 is an illustration to show astigmatism of a prior art progressive multi focal lens 
that corresponds to the progressive multi focal lens shown in Fig. 19. 

[Fig.2l] 

Fig. 21 is an illustration to show astigmatism of the progressive multi-focal lens 
corresponding to the lens in Fig. 19, but formed without using the composite expression. 



[Fig.22] 

Fig.22 is an illustration to show astigmatism of another embodiment of the progressive 
multi focal lens of the present invention. 



[Fig.23] 



Fig. 23 is an illustration to show astigmatism of a prior art progressive multi focal lens 
that corresponds to the progressive multi focal lens shown in Fig.22. 

[Fig.24] 

Fig. 24 is an illustration to show astigmatism of the progressive multi focal lens 
corresponding to the lens in Fig.22, but formed without using the composite expression. 

[Fig.25] 
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Fig.25 is a schematic representation of a prior art progressive multi focal lens- Fig.25 (a) is 
a front view and Fig.25 (b) is a cross-section along the main meridian curve. 

[Fig.26] 

Fig.26 is an illustration to show astigmatism of the progressive multi focal lens shown in 
Fig.25. 

[Fig.27] 

Fig.27 is an illustration to show zcoordinates of the progressive refraction surface on the 
object side of the progressive multi focal lens shown in Fig.25. 

[Fig.28] 

Fig.28 is a schematic representation of a prior art progressive multi focal lens for 
astigmatic vision correction: Fig.28 (a) is a front view and Fig.28 (b) is a cross-section 
along the main meridian curve. 

[Fig.29] 

Fig.29 is an illustration to show astigmatism of the progressive multi focal lens shown in 
Fig.28. 

[Fig.30] 

Fig.30 is an illustration to show z coordinates of the eyepoint side toric surface of the 
progressive multi focal lens shown in Fig.28. 
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[Fig.l] 
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[Fig.3] 
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[Fig.4] 



(a) 11 distant vision region; 12 near vision region 

(b) spherical surface; 5 progressive refractive surface 

[Fig.5] 
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[Fig.6] 

Zcoordinates (mm) 



[Fig.7] 
[Fig.8] 
[Fig.9] 
[Fig. 10] 

(a) 11 distant vision region; 12 near vision region 

(b) spherical surface; progressive refractive surface combined with toric surface 
[Fig. 11] 

[Fig. 12] Z coordinates (mm) 
[Fig. 13] 

ST1 obtain original progressive refractive surface 

ST2 obtain original toric surface 

ST3 obtain coordinates of the eyepoint side surface 



[Fig. 14] 
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[Fig. 15] 



(a) 11 distant vision region; 12 near vision region 

(b) spherical surface; progressive refractive surface combined with toric surface 
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[Fig. 16] ■ 



[Fig. 17] 

Zcoordinates (mm) 

[Fig. 18] change in astigmatism along the main meridian curve 
astigmatism (D); Y-axis coordinate (mm) 

[Fig. 19] 
[Fig.20] 
[Fig.2l] 
[Fig.22] 
[Fig.23] 
[Fig.24] 

[Fig.25] 

(a) 11 distant vision region; 13 progressive region; 12 near vision region 

(b) 5 progressive refractive surface; spherical surface 

[Fig.26] 

[Fig.27] Z coordinates (mm) 
[Fig.28] 

(a) 11 distant vision region; 12 near vision region 

(b) 5 progressive refractive surface; 6 toric surface 

[Fig.29] 
[Fig.30] 
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Z coordinates (mm) 
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9. -ErcoaiiO. 0 3 1T'fc5. CLtUcMU HI2 5(C 
* Lfc«*co*fl:«fc*JtJB«rii^K^ kfrfc l^X l 
fcJSl^Xtt:, iifflg&Ofg*;^ 0 . 9 7 6 , j£fflgpcofgi£ 
#1. 0 1 IffcO, ^C0^(40. 0 3 5t&5, 

x, ^wgit^gLfci^xi ofc^xri, iSificofg 
l 2~i 3%Sf5i:if#T^5:iWJ 

it#jlSljfiii'>'Xfcie#5<ko»*t^S*S:fC*H:fc*L 

*S^u>X 1 0 4rBB^7 U— Alc^-^-yrXEESl7JDXl-?> 
rife £9, K3S<, »n^>S*ii*«fc5k»$KfclR 
ft l^X 9 £ £ tfSX# ?>„ 

[0 0 3 61 #09©IBJ*fl(©E 2 ICRtf feilfcaJiJffl^f 
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ffi5tco^x$e>Km^-rso ni7{c±a^i 4 tee 

jEKRSLXfcSo £&&tfti 4 (ciftofc&ilJSSrES 
5 *>, ±*coJtfflgpi i.«r«j*-t-<&lft*¥ 
r 1 , ififflgU 2 S **¥SSr r2tt5 

t> lg^ffiCO^ii#^^^X{Ct5^X«jSfflgl51 1 CO 
S^<Dffi|4j£fflgp l 2 coJStfcO-coMJ: 9 < , "t"ft 

io tf><jt£ttU§K iAKftSJ: p<£|8:5£UXfcScoX% * 
«©*it#JSRj6 UfX 1 0 r 1 ttft^S r 

2J;9/h$<ftS„ SfoX, **l?*1.4>tfMK¥£ r lfc 

fflgBl lCOft^C 1 bi&m&l 2<OS*C2«^COH# 

[0037] C1>C2 •••(7) 

[0 0 3 8] *fc, iafflg&l KO^a^l 4»djitLX 

a:si-s*-(Si 1 5 <D&m*pmtts ms (a) i^-r-tp 

fC, mm*%<0±%t£%;mU 1 2 ir»i^Wft^iSgP 1 3 
<4«««SrfBitr^6. iEffitt 1 2 

1 4{c»uxa:s-rs*[S]i 6coft*a, as (b) fc 

^■f-±5tcft^Sco/J>$ft5Sfflgpi i tii^ft^it 
X/h$<ftS^«c*«SxX^S. -t-ft*)*>, Sffl§i51 1 

©iftfla»i-4tssEi-5*iRii 5fc*i^x, 

1 4cOffi^C0ft*^HSrr 3, ±tta»14H5~3 
. 5 mmSK«:ft*l,fc^coft^^#Sr r4tt5t*f 
3l4r 4 t P CfcS^«/h$ < ft So rftSrft* 
so fir 3*5«tU?r 4<0i£IS:XfcSE6*C 3*5.fctfC 4X 

ft*C3{C»L^a^l 4*»6tht««Oi*C4 
tt0:cog|^?riifc^- o 
[0 0 3 9] C 3SC4 • • • (8) 

[0 04 0] mmU 1 1 Sr«j£-t-SIBJ*«coffl 2 Sr^® 
UXiSfflgpi KOCv^WttfrttAU ^iSSPl 3 Sr 
iSfllgp 1 2 coift^fc^'pl-S r b h t *> 5 A/^ItgX'i. 
9, rco^li, ^fflgpi ltcti^Xtt, ft$C3tl 
*C4^«fU<ft5. jSfflSP 1 2 <D3Z&.8M. 1 4 

40 tBS«i-5*|6n 6t*siNX, 4©i£fiF«)ft 
m% r 5 , sEatSSg 14^f,5~35 mmS^ttftttfe 
ffi«C0*^Srr 6 ir-TSirft^r 5ttr 6tPCfc5V> 
!4*:#<ftS„ e&oX, **^Sr 5 43J:tf r 6©iS»» 
XfcS**C5*3j:^C6X*-t-^, jfifflgfl 2(C:io^ 
X(4. 1 4 ©ifi«Oft*C 5 1 

[0 04 1] C5^C6 • • • (9) 

[0 04 2] iSfflgfl 1 2 (C*5^X BBSfcfi'Jcoffi 2 4:^ 
ffit UXiftffigCl 2 »OE^W«««:flfc« U «iSSCl 3 
so SrSffiSPl lcoifi^CA^i-Sr i^Brtg-efcij^ » w 
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// 

W&\±. JtffflgCl 2t£*i^T(4, i$C5^tt$C6^ 

ofc±fa (8) 4o4tf (9) S;<Dft*^(D^bl4, ± 
i£&i§&l 4{ca^-rS^(631 5fc4tf 1 6 ©t8ji££0ijm 
toTlftWb7c^, #m#fim#U&£&Pg5£l4/,£< , 

(8) (9) ^Sr«SL-T^ntf^l/\ 

[0 04 3] *MOBS^UVX9 Sr^— - F-jo*iS# Lfc 
*§£-|4, ±&.&m 1 4 lcfto-CR*««tt< ^ b#&\\ 

l o {c*5^-ci4, ««)S*^«ii*R±-t-Sfc«>K±a 
W& 1 4 £^£©*£-efif/£-r5 r b #s* Lt\ & 

ot, ±xELfc£-E&*C 1 , C2, C 3*540*0 5 <Dm 

[0 0 4 4] 

C 1 =C 3 

C 2 = C 5 • • • (10) 

[0 0 4 5] ZObZ* £J^*1 4fciBofci»ffl»l 
l©BMifcflig©E2©^i£SJgSr;*jD 1 t, JfifflgB12© 

mmw<offi 2 ©jp*&B5JB*f*D 2 ^tts. 

[0 0 4 6] 

Dl = (n-1) XC1 

D2=(n-l)XC2 ••• (11) 

[0 04 7] *«9©JRJt#*S^i^^X 1 0 (4, ^#(KI© 
B3d5^ST'«fie$tl,T^5cDT? N APASP d(4«fflgp 

1 1 ©spiQBS^D. 1 t JfifflgP 1 2 OWM^D 

2 0>3g-C«1-££a*-C$5. 5£ (7) 

«t 0 1 1 (D&mC 1 dSjfffflgP 1 2 ©[8ji£C 2 4 

8Bi£iBS©ffi2|£*;^-t»4, JgfflSPl 1 
©sp^MBJfr^D 1 »43£fflgP 1 2 ©¥^®S*r^D 2 «t 
0 t>*#<*5. ±tBm*J^TEl3mS^#lftWbfcJ: 
5 m, **W©»iS#« [ .^w>'X 1 0 ^fflv-5 r i let 
PlE;*J©«i: A,£ffti,vx— !F-ffl©;t>pA*d5 3. 5 

it A/T^fclr WAflEiS 0 . 5 x W *X h V (Dg£#ftlj£ 
U>X<Dl£;\,^mfoX\ JffflgBl 1 tiSfflgRl 2©fg* 

fSffl5^j<o^o^^ffl#t?'b3. sof^t/hy-fc 

Ag©®$B£rjffflgB 1 l^tfifffl&l 2©¥*&ffi®#f 
t>V l*3it>*D2$rffl^T^i-i, 5tet-tftfl;iLfc4 
&©:£ (4) t&So 

[0 0 4 8] 

0. 5^ (D1-D2) ^3. 5 • • - (4) 

[0049] Stfl©8f jE£*T b tzfrlz h- D y 9 EaSRg 
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[0 0 5 0] l¥U<(4^^2-3 9 7 6 8 -^(C 

B*£*uTi,>.5 4 5l-, K«tv>XSrJ:9J»ffifl:u * 

14, ±a^i»l 4Cfiofcft$C l&^tfC 2 £, itt 

im* u\ xmnmsamnm 2 K.xmmmm 5 twrt 
fc^it^^uvxi om^v^Ttt, u^x^-mm^ 
<K££&tufti 4»c«iofcaaf^p tw^uts 

#|6j©H#r;*jP s «fc«Jt>— )&K:X7*©£fS:##fe*u3 
ipm/iSo lot, ;i©45&^f4, BtfMjPtJo 
4tfP sK45#;£iR3l£fflptBrfc#{c, HT©S 
(12) (i^-f-J; 5 m, 4fc»ofcift*ci 
. 4o4tfC2£, K£t^5#fi©Si*C3*54tJSC5 4t> 

^ta# < r t Li/ \ 

20 [00 5 1] 

C 1 >C 3 

C2>C 5 •••(12) 
[0 0 5 2] EI9 (a) fC^-T J: 5 fd, 

it^.^W-VXl 0(4, lg3*(aicDffi2^^if^[g5|c 
^otl/^CXJfffflgpi 2^*fUJsfflgPl l©l/yXiS 
ff<*6. ftot, *»#«ljfiii^^Xl 0^^<, ig< 
i-Sfc»fcH± v K^J«liESrl«Ji: U*V^»JK2 7 0S* 
(SjcoXyXA^f+jp-rsrt^a^L^. c^tcj:"?, 
09 (b) m^-*-i5fc^.m^v^il#M^i^^Xi 

(4. U'VX©R*«©ffi2K:Siam7J*Ufc3til6as7 f y 
XASfc*|cJ:oT»h,5*lSlSr» Wi»I3^f>lX 
*¥^*S*ms:NfH-|Hli3©AST^LTV>5o 
r©^tC#iPi"5Xy XA*(4 V 0". 2 5~3. 0OX 

[0 0 5 3] ^©^it^.^l^Xl om*5V> 

T s Bg^u-VX^jgUfc^{ftiJ©S3^.aST% Bg^ftiJ 

oi2««0flBit5fcii)tii, Jifflgi5i i©rtfiiJH^© 
40 jffljf* (B^JBSrA) Pst, 7JPAE?r^ (SPAS) P 
at, %&&m&\s^x<r>m&W<r>^2v>Wg\1i (-<- 
^*-X) PbiSiJELfc*©* (6) S:»fi-*-5J:5 

[0054] Pb>Ps+Pa ••• (6) 

[0 0 5 5] C©^; (6) frffiS-tS 4 5 UlflSjfiUBiJWJ 
Ps, 7JPASPa*J4^-^*-XPbiSrJlJR-r5r 
t(c4t), >-^*^^©^it#».^^VXl 0 t-r 
Srt^T-#, mmcyj y K-t-iKttW'^XSraHft-C 

so (JIJSM2) 
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[0056] eii ok, *&w<nm&m<Dm z \c%mm 
worn 2 im&zjxz&xffijEft&tsxzf&mmjEmi. 

gmmtirm** y 'J-r^mmmmm t p*u\ vmwnm 
mfeztitc h-v y?wz*v ^h-y ytmtn 

[00 5 7] *.m<D%m&M&. l-VX 10ft, 0 1 3 t£ 
*1\ Xfy^ST 1 (£:Jol^T, tf— (Dig 



/4 

STU8J:(jssT20»Mlv^. tiHriffiEIMfcfeJ: 

5ft*©-&j*a; (5) Srffl^K«fi!lOB2<OzM«roffi 

[0 0 5 8] 
[&2] 



(Cp + Qc)X 2 + (Q> + Cy )Y 2 



i + V0 - (Q> + Cjc) 2 x 2 - (Cp + cy ) 2 F 2 ) 



• • • (5) . 

. [0 0 5 9] -t L"t, rO-fr^SC (5) ftfliV^Cifc 
J: •? , 0 2 8 Id* Ufc&3fc<D&it#j&;£ l^yXt 

[0060] Blllc, 0 2 9{C*L7c:^lft:{il©S3(c 
&itBifrE£SmBg£fcf!l<£>B2U: b-y s^BSrfSttfc 

&U>>Xl O(D#.6ifcM0£^LT$>5„ ±1t> HI 1 2 
tc^JW&it^fuSl^Xl OWzM^Wtt^LTfc 
5„ ±fa©5$ (5) 5rfflV>THl6tc^bfc^-y ^/U^ 

3t®^fS5t, 13 oic^Lfc^-y -yt/wh-y 

6*<MW-$£i:fcJ:!!>, Bli 2fc*US:.fc5fcz&* 
offiZ 5r«^fc8g^fiiJ(DB 2 Sr^-T5 £ k *S"C# 5. 
iWlg^ilSOS 2 t^ffi^O#j^{|iJO® 3 Srffl^T*M 

5^0 2 9 i»3cffH-©*^C«U£W4Sr«^.fca« 
ixBS^fiiJcDE2ic h-V •y?mmVbiitzft%L<D%m 

z.it%m£i&& i^vx i o £#s r t So 

[0 0 6 1] roj;?^ ;£W;::fc^-Cte, IS^ffiSWE 

ttSrt^T^S. Sot, tS^ffilEfg^iStfiJgjE 
**KEI6*i:aS«jEIB*k:*P*» jffflgfl 1 l tififflgC 

7t*Jt#«i* i o zvm-rz z t &m 

<z>8if vX 1 0 CDiti£«9fgH£Mte, 0 1 4 Jd^ 



tfl 8 Og^IfiJWl^-fiXfctJI^Tfc 1 2~1 3%I3&* 

[0 0 6 2] m 1 l^J:t5|g 1 2{C^Lyc:^ii# 

X7 — /Pbll4. 0 0DT-ft)iotW„ mMW<D 

i k m Z < i i o^ffiljf^iis 6.oo 

D. iSfflgiSl 2©¥*9ffiJB*f*^4. 00D« ^DASFiC 
Pa#2. 0 0DfcK^$tvC*5t), rJXtC^L, SL^ 

tta*9oare, «iw^s^-2. ood, nssfr 

t)Cft-2. 0 0D© h-y y^S^-a-^^tlT^-So 
^7b, l^XCD^-Wf^ t *S 3 . 0mm, l/^Xidii 
7 0. Ommt^ot^S, 

[0 0 6 3] HI 1 5 tc s ±e©*^* ( 5 ) Srffl^Sffc 
t><9\c x Hl6^Lfc^-y ^/P^jtfflSfffico zlfC 

Ei3 o(c^L./c^-y ^/uh-y y^s»zM^ 

©«S:iP^TI!B*«OiB2Sr^Ufc*iiJffl*fiii**^ 
fewyXl gSr^LTfcSo ^Tc^.Hll 6\CZ<DU>^ 
1 9d^itRMH]5:*L, HIl 7lcroi^>-Xl 9 OSg 
*«©B2©zffi«S:*UT*)S. 4-yv>^umilffiff 

fil x. 5 w k K <t o X %> &J]ffiJE¥f&t3 «t t>*aW^IE 

jEfflwmit^.^ i/yxi m^<»&!imm*nz> zk# 
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[0 0 6 4] 118IC^LfciE:iim©^ 

mmmm<o%m&m& w>-x i ©±&&$i 1 4 tc&ofc 

#j£ifc!S©l6>^$:«l*.©?iHft 3 l ~Qtf VXh'O , 

(5) zfs^xMi&vtzmi i <o%LmmjEm<Dmm& 

tc, (5) £^T8Bifc{lleD®'2££j&Lfc#0iJ 

u y s?^*JtJB*f iB©**te^- y h—v? 

HR*^#btvT(iV>?,^ > (5) SrJB^fcV^X 

1 0 tcifcUf-r 5 1 £ £ bfc^iRH«r?fe«i--5 r & ^ 
L<ioW5 0 ^Xi 9<Dmm$Mci$\,^x# 

©"C, -g-rta (5) Srffl^Tl8jtL7tmit#^^vX 
m i mtitc<om.^i-^\ Z<D£oiC. -g-jfcSC (5) £ 

[0 0 6 5] ±IE-Ctt, uyX©±T*|5l (AX 

is9os) ic h-y •y*m<w&m®mti*mi£i,ittik 

2/^Bi©Rftffl#r^«ria:«L*:ft!.*SrJtLfc»fi-) 

ica»*fS>-*\ SS^lPlfcKjreS 6 ^e© 

^X©fc&#|8jfc b-y y^ffiO*ffiJBSf*SrKSbfc 

x M t y #©*|rI Sr±IE(c^ LfcWc*f L^rJx^tufefc 
9 o«0*5S*4Mk^*lfc-r»fc*Stl6«wa; (5) 

yx»t£fro*isi («*»©*isi«:^tf) fch-yj/^ffi 

M«© x i y tt©*-(^Sr±ia(c^ Lfc^J{d*f L^tu^:* 
fwfcfca* (attO~3 6 0«©ffigc©fcfiE) 
S«M^Sr*-r«»fC**16«oiC (5) «rJBi^*:<fr/*# 



75 

[0 0 6 6] roi^^tii, *1\ SHSmte* 
/u*JiJH*riB) &&m-rZT.1£Zft ozt tt±J6 Lfcii 

yX'*>5„ -t LT, (5) ©tf-gtCfcoT 

f±, ^-y ^/u*JiJB«rii«r3fa-f-5fll«l* t h-!> y 

[0 0 6 7] El 1 9*>b8 2 4fc, ^©^T-^BJ© 

-frissc (5) ^v^xa^iEfflw^it^^w^xi 

O£7£fifcLfc0i|£^LT4>5o HI 1 9 14, ty^I 
ii®*fE5 i^-y f^/wh-y s/i>ffi6^St^Sl-5£ 
V^«©t©S:-&l«SC; (5) -C^UT^fi£Ufc*^W 
20 ©^ii^ji^iW'VXl 0©^iRM5r*bT*>5o *«»f 

©^Jl#».^ yx i o EfcffiJStff s a* o . oo 

D, 2 5D, a?Stt4 5«*JJ:0« 

^Sr^LTfcSo Ell 9^±t^E]2 OSrJtK LTflJSJ; 

-a-fiS;^ (5) Sr/H^ 5 r ^*©^it# 
Ml/^Xi t»i{S^©^HXM«r^ofc^it#^ 
V^Xi 0Wt.Jltfet), ^©MEta^iE©^ 
*teo«,NTttf£* t |5|^©'ttHg^^o tc%mg>M& W > 
30 XSr#5rt*s-C#5. *^J©^it#«^u> 
X l 0 14, Bg^fiiJ©S 2 icgjgJBtfffi Sth-D^^I 

S3(4^<-^X'-X^— tLfcfitt^r 

5. ftoT, ±*U3t5Ufe«li:IBI*»c»ffl»i:i£fflSlJi: 

< S©t?ife©SH J ^M*-© / >'tV , "fta*ffi»Sr-= 1 -— 

[0068] ^©wi&i^-cfc, ^-y ^^itafrS 

40 TBg^ffiiJ©S 2 &J&jfc Lfc w vX l 9 ©^,«itxS5ria 2 
1{C^L-Cfc5» w©[2l(c^Lfc#,^)iXM©^fii5ria 1 

(5) €:fflv^r itcJ: y , ^itx^fcfcv^xtt^*© 
^it^j».^ uvX l t mm<n®M*ffi7L*L uvXSrflKft 

[00691(2122 14, ^-y ^A'HiSJBSf ffi 5tty 
so ^f/i/h-!) y^®6/45*t>3*E/5^Sl4a/t^©t)© 
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Sr-fiTSsS (5) X-&&LXMf$.Ltz&&m<Dmm£%k&. 
CDffi 2 CD z j£8£)&tt#* < &S*%9!<Z>£iI£ 

14, *ffiffl*r*S*SO. 00D, nttJffl*r*C^-6. 

0 OD, affitt4 5&*>4Uv!JPA&P a#3. 50DT* 
BKH-3*VC*S«K B2 3fcRDife#-CKH-$*l,fcfie*© 

4tf02 3SrtfcttUr2W5J:5fcs (5) Srffl^ 

1 i:BI3fR«©*jSiR3SS:»ofcjRJf#«l*i'VXi 0 

(5) 14. SPASP a^O. 5~3. 5 DCD&itfitfr® 
RttJS^C^O. 25~6. OOD©h-!)5' 

oT, (5) Srffl^^r ££49, im 

[0 0 7 0] CKDW-So^Tt), 0 2 4lC|litJ3tfT®<t 

b - v y t m<r> z mmzMW vx$mw<vm 2 sr»j« u 

A<h—\) y:?fficDzffi^£;&P;i;fcl^X<>;it&U -a-fig 
« (5) £/S^-5r £^419, 4 9#.£i|5iScO&g;*;Jx 

[0 0 7 1] fr*5, *W*B»fcE*Ufc#4 L^HiSW 
J4M^l$& t©!-**), RJtftft t CO X** V ^ t 14 1> *> 

coxfc-s, 

[0 0 7 2] 

[*«©»*] w±«ciawufc4o(c, 

-TS;:£fc:49, *rf*«©B«:^ffi£*£54:»*^ 

EX«j*X#54 9fc:LXt>5o fifoX, «jfrffij©ffifc 
SBtSv'i-T'- 77^^- Ms fCi^^MSCO^ 

jfeiRSISr*»t-* r. tic 4 9ffe©*giT/H^;&S|g#*T 
s«ii#^uvx^ti*l-5ri^-e#So Wc. it 

fflgB t i£ffl^rofflST^jco^co±# ^PAS<Oil5^^ii# 
^V^X^i^x, ^fg^coJ&it^^l'VXSrffl^ 



(10) 

IS 

§ tVX ^ SAP AS <D $ *£%m&m& 1/ yX© n:- Hf- 

[0073] *^wic*=^Ti4, imm<Dmc% 
mmvimt^mjEmoh-v y?m*&&.i-xmfe<n 

/8 1^-5 rile 4 9, !SL««jEffl©jRit#«l^^xX|!:*i. 
^£&#-r6r i/5S-C-#5o lot, #fgentc4 «? , a 

X, f£SE, 4M*«©ffifc»i8JB#B5;iM(m&ixTffi«£ 
tvTV>fc^jt#^^VX<0'>!;-XSr^TIS^{BHc^ 

mmmmzwivtci/v-xb t-xe^rnxxmis-r-s:: 

20 [00 74] *^BJc0^it#^^i;^>-X{iioV> 

r<4, is^iiwffiic^jia^fB*54t5h-y s/^ffi^ 
iW-ctrs. ±3*ufc4 5tc, mvm<o£m&'<-*ii- 

^^ffit-rsrit^rigX'fc^o #M¥2-2 8 9 8 
18fttt, ^ffiOcoaffii: Lt, leI«5tt>ft-^co>Ft#tt 
30 w>/i < t tifi»fc*sv^-CHt*l*tt*»e> WX^*[b| 
icft^^^KW^ltJPl-S^ffi^coaffi^^l-S r 
tfc4t), w^X©^J0pSrSE<T?t, mt*^^HK 

LT (4i^[5* fc (4lelfett^^#^ffiicRB^ $ tv5 h (O 
X'ttte < , #j£iR£fc if CO u ^Xco3t#B<j/f 1±IM4r S & 

»(0*3»BSri2iffiteia!»t5ri:t^r«-e*S. Stot, 
**W<0jRii#«l^[ i^^XSrlg^ wXfc^PX-rs r i 

> a -^^/j;ffltt©±K«r*P* UfclRfil w^X*«tt 

<offlii&#* (-J£»f 2> r b 5c 
[|gl®coffi*/iSiW] 

50 XfoSo 
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[02] *&w<D%m&m&i'^x<Dmmu<Digm, a 

[03] **W©*ii#«ljSi'>X©JpA«»«>iSffl» 

[04] *»W©|SttWlfc«S#Jt#«ljSu>X©« 
K**-t"HT?iS>9, (a) liiE®0, (b) tt±&«* 

[0 5] H4fc*-f-*Jt*«S*H^X©*jSiRJ|S:*r 

[0 6] 04lC*1-^ai#^^UVXCDBM3*{l!l©ffi<Oz 
ffiS5r^t-0-efc5„ 
[0 7] 04^*1-^ii#^UVX<O^ffi[i8gtCfSo 

So 

[0 8] H4lc*-t-»JS#«ijfiiu^X©±aW»fciffS5 
■■f5*lRlOK*«oii©**¥SSr*'*-Ba-C*>9, 0 8 

(a) tt38JB«W>**2|*e«:*U 0 8 (b) JiiSfflgP 
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